Respiratory quinones and the ability to use fumarate as a terminal electron acceptor in anaerobic respiration were investigated in 49 bacterial strains representing a variety of conventional Flavobacterium or Cytophaga species. The organisms examined were subdivided into two categories according to their quinones. (i) Ubiquinones are used by the neotype strain of Flauobacterium aquatile and by cultures representing F. acidificum, F. capsulatum, F. devorans, F. halmephilum, and some unnamed Flauobacterium species. (ii) Menaquinones are produced by both typical Cytophaga strains and many so-called Flauobacterium or "FLauobacterium/Cytophaga" cultures. Several members of category ii exhibited low to medium reduced nicotinamide adenine dinucleotide-fumarate reductase activities when grown in unaerated complex media supplemented with fumarate. In addition, with F. meningosepticurn, "group IIb" organisms, and a strain of F. odoratum, the yields of oxygen-limited growth were markedly increased by fumarate, indicating an energetic use of fumarate respiration. On the bitsis of these findings, restriction of the genus Flauobacterium to "low-guanineplus-cytosine" organisms containing ubiquinones and resembling F. aquatile is proposed. The incorporation of some former "flavobacteria" into a natural group of organisms containing menaquinones and placement in the vicinity of the C. hutchinsonii guanine-plus-cytosine ratio are discussed.
The traditional genus Flavobacterium Bergey et al. consists of miscellaneous chemoorganotrophic bacteria that produce yellowish pigments. These organism have proved to be highly heterogeneous regarding Gram reaction, type of motility, a variety of metabolic features, and, more recently, the base composition of their deoxyribonucleic acids (25). There appears to be general agreement that any attempt to reclassify these organisms would also have to consider the taxonomy of related groups, especially Cytophaga. This field has been termed the "Fluvobacterium-Cytophaga complex" ( 
15, 20).
The present study was initiated by the observation that Flavobacterium meningosepticurn uses menaquinone in aerobic and anaerobic respiration, whereas F. aquatile contains ubiquinone as the sole respiratory quinone (E. Callies, unpublished data). Since, as a rule, quinQne patterns define well-established groups of chemoorganotrophic bacteria (9, 19) , the taxonomic implications of this hding had to be considered. Therefore, the investigation was extended to a number of collection cultures representing several more-or-less recognized Flauobacterium or Cytophaga species. The data presented here show that quinones and quinone-mediated respiratory functions are very promising tools in defining natural groups of organisms contained in the Flauobacterium-Cytophaga complex.
MATERIALS AND METHODS

Microorganisms.
The bacterial strains investigated are listed in Table 1 . They were recovered from the lyophilic state by using appropriate media and conditions. Cloned subcultures were reidentified by a set of testa sufficient to rule out contamination and confusion, and propagated in mass cultures by using the media and growth conditions shown in Table 1 .
Media.
The following complex media were used and were supplemented with 50 mM fumarate (disodium fumarate, sterilized by filtration; Fluka, Buchs, Switzerland) where indicated: (a) proteose peptone medium (12) Disintegration of the cells, determination of protein, assay of NADH oxidase and of NADHfumarate reductase, and extraction and determination of quinones. Cells were disintegrated, protein was determined, reduced p-nicotinamide adenine dinucleotide (NADH) oxidase and NADH-fumarate reductase were assayed, and quinones were assayed and determined as described previously (9, 19) .
Estimation of the effect of fumarate on growth densities in oxygen-limited cultures. Two 13-mmwide culture tubes containing 10 ml of medium with or without added fumarate received small inocula from a preculture or suspension of the organism to be tested and were incubated statically at the individual growth temperature (see Table 1 ). Visual readings of the relative turbidities were done after 12, 18 to 24, and 48 h, taking into consideration the possibility of a prolonged lag period with the cultures containing fumarate. For photometric recording, clear calibrated tubes were used, a tube that contained uninoculated medium serving as a blank.
RESULTS
Effect of fumarate on oxygen-limited growth. In unaerated tube cultures, most of the organisms studied grew poorly; among the organisms able to reach moderate growth densities in oxygen-limited cultures, Flavobacterium meningosepticurn, the phenotypically related group IIb organisms, and F. odoratum (ATCC 4651) were unique in showing markedly increased growth responses after addition of fumarate to the complex medium. Essentially the same results were obtained with strictly anaerobic culture conditions. Therefore, quinone contents and electron transport activities of cells grown with oxygen or fumarate as an electron acceptor could be compared only in a minority of the strains investigated (see Table 1 ).
Quinones. The organisms representing FZavo bacterium or Cytophaga species were found to contain either ubiquinones, between 0.3 and 2.2 pmol/g of cell protein (category i; Table IA) , or menaquinones, from 0.5 to about 5 pmol/g of cell protein (category ii; Table lB), the amount of quinone produced by a given strain varying with culture conditions. Category i consists of several Flavobacterium species including the neotype strain of F. aquatile. Category ii contains the strains attributed to the genus Cytophagu, including the suggested working type of C. hutchinsonii, but also many so-called Flavobacterium cultures and, among them, those representing the F. meningosepticum group (i.e., Serovars A to F and E. 0. Kings group IIb).
Electron transport activities. NADH oxidase, at greatly varying activities, was present in all strains examined. Electron transport from NADH to fumarate, however, occurred only in some of the organisms containing menaquinones, namely, the F. meningosepticum group and the strains of C. hutchinsonii, C. johnsonae, F. odoratum, F. tirrenicum, and F. uliginosum examined. Thus, category ii is subdivided into two physiological groups capable, or not capable, of utilizing fumarate as a terminal acceptor in anaerobic electron transport.
DISCUSSION
If natural groups of chemoorganotrophic bacteria are characterized by their respiratory quinones, the data presented lead to the conclusion that the genus FZuuobacterium should be restricted to organisms producing ubiquinones as the sole respiratory quinones and that the genus Cytophaga should comprise only organisms containing menaquinones. On the other hand, neither category i nor category ii is a homogeneous group of organisms, the base composition of their deoxyribonucleic acids ranging from below 30% to about 70% guanine plus cytosine (G+C).
It is likely that a homogeneous group can be detected among the nonfermentative, oxidasenegative, low-G+C organisms containing ubiquinone and resembling F. aquatile (genus Flavobacterium sensu strictiori). Considering phenotypical characters and G+C ratios, however, each of the other named species listed in Table  1A appears to represent a particular taxonomic group distinct from Flavobacterium sensu strictiori. Category ii remains heterogeneous even after the gram-positive organisms (F. arborescens, F. esteroaromaticum, F. flavescens, and F. suaveolens; Table 1B) are removed. Since a natural Cytophaga group (genus Cytophugu sensu strictiori) has to be restricted to a narrow range of G+C ratios (4) situated in the vicinity of that of C. hutchinsonii, its relationship to the F. meningosepticum group (20) should be investigated, and the fate of both low-G+C and high-G+C strains outside this G+C range (cf . Table  1B) remains open. Undoubtedly, the usefulness of the respiratory quinones as taxonomic criteria should be verified by investigating the deoxyribonucleic acid relatedness between selected members of the Flavo bacterium-Cytophaga complex.
The data presented are in accordance with earlier reports on the quinones of Flavobacterium strain 0147 (7) . The oxidase-positive Flavobacterium strains of Denis et al. produced naphthoquinones in addition to ubiquinone. The growth stimulation by fumarate in unaerated proteose peptone cultures observed with organisms of the F. meningosepticurn group deserves attention in diagnostic bacteriology, since this phenomenon indicates the presence of naphthoquinone-mediated anaerobic electron transport. Anaerobic fumarate respiration is also characteristic of the Entero bacteriaceae, the Actinobacillus, Haemophilus, and Pasteurella groups, and some Bacteroidaceae (9; unpublished data). The NADH-fumarate reductase system of F. meningosepticum involves b-type cytochromes and menaquinone and is membrane bound (E. Callies, manuscript in preparation), thus resembling that of Proteus rettgeri (11) . T h e NADH-fumarate reductase activities reported do not necessarily account for the extent of anaerobic electron transport, since other donors that may be used, such as formate or hydrogen, were not taken into consideration. T h e presence of presumably membrane-bound NADH-fwmarate reductases in some FZavobacterium and Cytophaga strains lacking the growth response to fumarate in anaerobic complex media cannot be discussed here in detail. Regarding the similarity of F. acidificum and Erwinia herbicola (20) , the absence of NADH-fumarate reductase in the former (ATCC 8366; Table 1A ) should be noted, since E. herbicolu is able to produce a highly active, quinone-free, soluble NADH-fumarate reductase system (W. Mannheim and co-workers, unpublished data).
